Background: The aim of the study is to investigate the role of socio-demographic, life-style and clinical risk factors of low birth weight (LBW) among pregnant women in Saudi Arabia. It is a hospital-based, case-control study of mothers of 135 LBW and 65 normal birth weight neonates at the Obstetrics and Gynecology Unit of the Maternity and Children Hospital, KSA. Methods: On comparison by Duncan's test, the gestational age of three LBW groups was found to be significantly different (P = 0.0026). The mean duration of hospital stay of the infants also increased for the LBW, very LBW and extreme LBW groups, and their difference was statistically significant (P = 0.0012). Results: A statistically significant, progressive decline was observed in the weight, length and circumference of the head of infants in the LBW to VLBW to ELBW groups. Conclusion: The present study has assessed the state of this significant public health problem of LBW in KSA, and identified several maternal modifiable risk factors. There is an urgent need for the development of reference charts using current data for the Middle Eastern population.
treatment and nourishment to survive through the childhood [1] . There are two main reasons for the birth of LBW babies: (i) pre-term birth and (ii) foetal growth restriction in the womb of the mother, also called intra-uterine growth restriction (IUGR). Premature babies are born within 37 weeks of pregnancy, leading to lower birth weight. In the case of foetal growth restriction, the baby does not gain weight due to several reasons, including that parents themselves may be small and underweight. Apart from this, foetal growth restriction may be caused by birth defects or infections that slow down or stop the growth of the baby in the womb. In addition, there are certain medical and lifestyle-related risk factors in mothers that can induce pre-term labor (before 37 weeks of pregnancy) and/or cause the babies to be born with LBW. Chronic health conditions like high blood pressure, diabetes, heart, lung and kidney problems, and infections in the uterus can lead to LBW. Problem with the placenta that reduces the flow of blood and nutrients can limit foetal growth. Smoking, consumption of alcohol, use of recreational drugs and abuse of prescription drugs during pregnancy can affect the growth of the baby in the womb and increase the chances of premature birth and birth defects.
Teenage (less than 17 years) and late pregnancies (35 years and above) have a higher chances of leading to LBW babies [1] .
LBW is one of the main predictors of infant mortality. The global incidence of LBW is around 17%, although estimates vary from 19% in the developing countries, where it is an important public health problem, to 5% -7% in the developed countries [2] . In the United States, about 1 in every 12 babies is born with LBW and about 1 in 10 is born prematurely. About 13 percent of African-American babies are born with low birth weight each year. The incidence rate of LBW births for other races/ethnicities in the US was 8.4 percent of Asian babies, 7.6 percent of Native American babies, and about 7 percent for Hispanic and white babies [3] . A study by the Agency for Healthcare Research and Quality (AHRQ) found that among 3.8 million births that occurred in the United States in 2011, approximately 6.1% (231,900) were diagnosed with LBW (<2500 g). Approximately 49,300 newborns (1.3%) weighed less than 1500 grams (VLBW) [4] . LBW babies are more likely than babies with normal weight to have health problems, as a newborn as well as later in life. Some babies need special care in the neonatal intensive care unit, to survive and develop into healthy weight range. Most common problems of LBW and premature babies at the neonatal stage are: Respiratory distress syndrome (RDS) due to the absence of surfactant protein to keep air sacs in lungs from collapsing; Intraventricular hemorrhage (IVH) in the brain; Patent ductusarteriosus (PDA), a common heart problem where this artery does not close after birth so that baby's blood can pass through the lungs for oxygenation, leading to heart failure; and Necrotizing enterocolitis (NEC) due to infection or even damage to the intestine [3] .
Later in life, LBW babies can develop diabetes, high blood pressure, heart disease, developmental disabilities and neurological disorders like cerebral palsy and autism [1] [3].
The prevalence of low birth weight in the Middle East and North African region is estimated to be 11% which highlights the gravity of the situation [5] . There is a paucity of data on LBW births and its risk factors in the Kingdom of Saudi Arabia (KSA). The purpose of the present study is to investigate the role of maternal socio-demographic, life-style, health care behavioral, and clinical risk factors of LBW among pregnant women, with a long term objective to improve the quality of the health of the mothers, fetuses, infants and children in KSA.
Patients and Methods
The present hospital-based, case-control study was conducted at the Obstetrics and Gynecology Unit of the Maternity and Children Hospital in Makkah, KSA, under the approval of the Institutional Review Board (IRB). The study was conducted between October and December 2014. The sample size for the study was calculated to be 200, and accordingly, mothers of the 200 LBW neonates delivered in the Obstetrics Unit of the hospital were included in the study. Inclusion criteria for LBW neonates consisted of availability of information about exact duration of amenorrhea (the first day of the last menstrual period reported by the mother was used to calculate the gestational age at the time of delivery, or mothers may have had estimates of gestational age derived by ultrasound measurement made at antenatal care); mother's willingness to participate in the study; and availability of suitable matched normal weight control. If any of the above criteria was not fulfilled, the neonate was not included in the study. The purpose of the study and procedures to be performed were explained to all mothers, confidentiality was assured, and consent to participate in the study was taken accordingly.
Data were collected on 200 infants divided into four categories: 45 cases of low birth weight (LBW) neonates who weigh between 1500 g and 2500 g, 45 cases of very low birth weight (VLBW) infants who weigh between 1000 g to 1500 g, 45 cases of extremely low birth weight (ELBW) infants who weigh less than 1000 g, and 65 normal birth weight neonates (NBW) chosen randomly. Data were collected from birth until discharge of neonates from the hospital. To obtain sufficient data, nutritional practices and other aspects of neonatal care were not altered by the study protocol.
A questionnaire specially designed to collect information on variables relating to the study was used. A pilot study was conducted to test the feasibility and validity of the questionnaire, and necessary corrections were incorporated. The mothers with LBW and NBW neonates were also interviewed. General physical examination was performed for all mothers with LBW and NBW neonates. Anthropometric measurements of mothers-height and weight-were measured while the women wore light outer garments, but not shoes. Weight gained during pregnancy was calculated by subtracting the weight of the mother before pregnancy or weight at ≤12 weeks of gestation, from her weight at labor. Body mass index (BMI) was calculated as weight divided by height squared (kg/m²) using her weight before pregnancy or ≤12 weeks of gestation.
Anthropometric measurements of the infant included weight, length, and head circumference. Body weight was recorded daily from infant birth until discharge from the hospital or until normal birth weight was achieved. LBW neonates were also classified as small (SGA), appropriate (AGA) and large (LGA) for their gestational age, in terms of weight for their gestational age in weeks. The growth velocity of the neonates was calculated according to the equation given by Aloka et al. [6] :
where, W n and W 1 are the weight of the infant on the day of discharge (D n ) and the day of delivery (D 1 ), respectively.
Statistical Analysis
Descriptive statistics was determined for all clinical and anthropometric parameters of the mothers and infants, and expressed as Mean ± SD. Odds ratio (OR) with 95% confidence interval (CI) or exact confidence limits (ECL) was used as the test of significance. Also, stepwise regression analysis was applied to find out the weight of risk factors and effect of the potential confounders. In stepwise regression, adjusted partial F test was used to determine the significance level. Analysis of Variance (ANOVA) was performed with SAS software (Statistic Analysis System) version 9.1 (SAS Institute Inc., Cary NC). Pearson test was used for the comparison of differences and relation between two or more parameters. P < 0.05 is considered statistically significant according to Duncan test.
Results
The demographic characteristics and anthropometric parameters of the mothers, probably associated with the birth of LBW infant are shown in Table 1 . In both LBW and NBW groups, 80% -90% of the mothers were married at age > 18 years. However, ~20% in the LBW group had their age at marriage of <18 years, compared to ~11% in the NBW group.
Out of 135 LBW mothers, 33 (24.4%) were shorter than 145 cm, while only 6 (9.2%)
were shorter in the NBW group. Considering the weight of mothers, 25 (18.5%) mothers of LBW neonates weighed <45 kg before or at early pregnancy as well as <55 kg at delivery. BMI of <18 and 18 -22 represent malnutrition and underweight status of the subjects. There were 6.7% and 12.6% of such mothers in the LBW group, while 1.5% and 6.2% were present in the NBW group. 33.3% of the subjects in the LBW group had a maternal family history of birth of LBW babies compared to 13.8% in the NBW group.
Gestational characteristics of mothers of LBW and NBW neonates that belong to the four groups, namely, LBW, VLBW, ELBW and NBW are presented in Table 2 .
The gestational age of the neonates of the NBW group was 37.4 ± 4.2 (Mean ± SD) weeks, and it decreased successively for the LBW, VLBW and ELBW groups indicating premature birth of the infants. On comparison by Duncan's test, the gestational age of three LBW groups were found to be significantly different (P = 0.0026). Consequent to premature birth and low birth weight, there was high mortality rate of the infants in the LBW, VLBW and ELBW groups, as indicated by the survival rate in Table 2 . Only 26.6% of the infants with ELBW survived, compared to 86.6% and 100% of the infants in the VLBW and LBW groups, respectively. The mean duration of hospital stay of the Anthropometric measures of the neonates in each group are listed in Table 3 as Mean ± SD.
As expected, a progressive decline is observed in the weight, length and circumference of the head of infants in the LBW to VLBW to ELBW groups. Using Duncan's multiple comparison tests, the differences in weight, length, and head circumference for the three LBW groups were found to be statistically significant, as seen by the P values in Table 3 .
Several socio-demographic characteristics of mothers of LBW infants were found to be considerably different compared to their NBW counterparts, as shown in Table 1 .
Based on the disparity, these factors were considered as risk factors for the birth of LBW infants and the odds ratio (OR) for each of these factors were calculated. OR and the corresponding 95% confidence intervals for the socio-demographic risk factors of mothers are listed in Table 4 . The OR is a useful measure to compare the magnitude of risk factors for the birth of LBW infants [7] . As observed from 
Discussion
Prevalence of low birth weight in the present prospective study, an attempt has been made to understand maternal factors that influence the birth of LBW infants in the KSA. As mentioned, there are not many studies pertaining to the birth of LBW infants in the KSA or the Middle Eastern region, and hence, comparison of the results has to be made with similar studies predominantly from the Western countries.
The gestational age of LBW, VLBW and ELBW infants were 36, 32.7 and 29.5 weeks,
respectively. These results demonstrate that the infant's birth weight diminished with a decrease in their gestational age. These results are slightly higher than those of Ehrenkranze et al. [8] who have reported that GA for VLBW was 28.5 to 30.9 weeks, and for ELBW was 24.8 -27.6 weeks. Other researchers have merely reported that GA for LBW is less than 37 weeks [9] [10].
The survival percentage for LBW, VLBW and ELBW infants are 100%, 86.6% and 26.6%, respectively, indicative of significant decrease in their survival with reducing birth weight. Ehrenkranze et al. [8] have observed a survival rate of 98.8 to 100% for VLBW and 63.9% to 91.6% for ELBW infants which are significantly higher, especially for the ELBW group. This could be attributed to the type and quality of antenatal care.
The survival percentage for ELBW was 1% in 1960, 40% in 1985 and 80% in 2000 year in the United States [10] . With the advancement in medical technology and availability of the facilities in the United States, there has been a dramatic improvement in the survival rate of LBW infants.
On classification of newborns in the present study, there were high percentage of SGA infants in the VLBW and ELBW groups, 53.8% and 25%, respectively (Table 2) . slightly lower than our results (33% SGA, N = 570) [13] .
Several studies have examined the association between maternal pre-pregnancy nutrition and birth size of the infant, as reported by a recent systematic review [14] . In the present study, pre-pregnancy BMI reflecting malnutrition/underweight status of the mother was found to be a severe risk factor. Liu ) in a retrospective study of Chinese women [15] . Ronnenberg et al. have also reported similar findings, and additionally found that the infants are at increased risk for fetal growth deficits [16] . Being underweight was also associated with smaller infant head circumference. Another large prospective study from Vietnam also reported a significantly higher risk of delivering a SGA infant (adjusted OR: 1.95 [95% CI 1.52 -2.50], P < 0.01) among women who were underweight before conception [17] .
The WHO collaborative study on maternalanthropometry and pregnancy outcomes, using data from 111,000 women from across the world reported that mothers in the lowest quartile of pre-pregnancy weight carried an elevated risk of IUGR and LBW of 2.55 (95% CI 2.3, 2.7) and 2.38 (95% CI 2.1, 2.5) respectively, compared to the upper quartile [18] . In addition to maternal BMI < 18 kg/m 2 (AOR = 6.7; 95% CI = 1.21 -37.14), maternal height < 1.5 m (AOR = 3.7; 95% CI = 1.22 -11.28) was a risk factor in a recent study from Ethiopia [19] .
The percentage of infants having weight appropriate for gestational age (AGA) in LBW, VLBW and ELBW groups were 80%, 38.46% and 75%, respectively (Table 2) .
However, the SGA, AGA and LGA percentages for the overall LBW sample were found to be 25.9%, 64.5% and 9.6%, respectively. Similar . The LGA percentages in these studies were also similar at 10.5 and 11%, not very different from the present study (9.6%).
Hospitalization time is considered as an indicator of severity in preterm infants, and it is probably reflected as weight gain [22] . showed slightly low level in Mg (1.7 units mg/dI), along with potassium and phosphorus, on the last day resulting in respiratory and, cardiac instability or muscle weakness [26] .
Age at marriage (≤18 years) is an important risk factor for LBW in the present study (OR = 2.1, 95% CI 1.2 -3.7). Similar risk of delivering LBW or VLBW infant is higher for the teenagers and the older women (aged 35 yr and more) has been observed in several studies. In a study from Korea, the rate of LBW, VLBW, and ELBW infants born to teenage mothers were 18.6%, 3.2%, 1.7%, respectively, which were about two times higher than those of infants with maternal age 20 -34 years (7.2%, 1.4%, and 0.7% (P < 0.001)). Infants whose mothers aged 35 years and more also showed higher LBW, VLBW, ELBW rates higher than those of infants with maternal age between 20
and 34 yr (10.6%, 2.7%, 1.2%, P < 0.001) [27] . LBW was also found to be associated with maternal age of less than20 years and low level of maternal education in a previous study from China (OR = 1.332, 95% CI 1.04 -1.69) [28] . Maternal age at delivery of <20 years (adjusted odds ratio (AOR) = 3; 95% CI 1.65-5.73) has also been observed as a risk factor in a recent study from Southeast Ethiopia [19] .
In the Kingdom of Saudi Arabia (KSA), the basic infant (< 1 year) mortality rate has improved from 34 to 8 (per 1000 live births) in the last two decades, and neonatal (< 28 days) mortality rate for 2011 has been estimated to be 5 per 1000 live births [29] . Improvement may be a result of synergisitic effects of improved food intake, food supplementation, improved micronutrient intake, education and the environment of the pregnant woman and her family. Nevertheless, the prevalence of LBW births in the Middle Eastern population is relatively high [5] . Towards alleviating this significant public health problem, present small cross-sectional study has assessed the state of the problem and identified several maternal modifiable risk factors which can be resolved to improve the situation of the newborn, and avoid long term consequences of LBW.
Conclusion
The present study has several limitations in addition to being small and preliminary.
For the classification of SGA, AGA and LGA, anthropometric data are compared with reference charts for gestational age. Ideally, up-to-date reference data from the same or a similar population are required [30] . The choice of the reference population has a considerable impact on the classification, especially for preterm infants [31] . Therefore, there is an urgent need for the development of reference charts using current data for the Middle Eastern population.
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